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http:WHAT THIS PAPER ADDS
Open aortic aneurysm surgery has changed rapidly in recent years becoming less common and more technically
challenging. A totally retroperitoneal approach to the aorta remains less common than the transperitoneal
approach, but may have clinical beneﬁt to the patient from not entering the peritoneal cavity. This meta-analysis
shows that incidence of post operative ileus, pneumonia, ICU stay and cost may all be reduced by the retro-
peritoneal approach to the aorta when compared to the transperitoneal.Objectives: The aim was to systematically review and meta-analyse the differences between the retroperitoneal
(RP) and the transperitoneal (TP) approach to the infrarenal abdominal aorta.
Design: Systematic review and meta-analysis.
Methods: PubMed, the Cochrane library, Embase and ClinicalTrials.govwere searched for all studies on
differences in clinical outcomes between the RP and TP approach. Outcomes were selected based on inclusion in
two or more studies: Operative (length of procedure, intraoperative blood loss); Post operative complications
(paralytic ileus, pneumonia, myocardial infarction (MI), renal failure and wound hernia); Mortality (30 day, 1
year); Post-operative changes in respiratory function (forced expiratory volume in 1 second, forced vital capacity);
Length of hospital and Intensive care unit (ICU) stay and Cost. The data were pooled by outcome.
Results: Eight randomised and 21 cohort studies involving 3035 patients were included. Meta-analysis showed
signiﬁcantly lower rates of postoperative ileus (Odds ratio (OR) 0.17[95% CI 0.10, 0.32] p < 0.00001), pneumonia
(OR 0.42[95% CI 0.26, 0.68] p ¼ 0.0004), ICU stay (standardised mean difference (SMD) 0.67[95% CI 1.28, 0.06]
p ¼ 0.03), total hospital stay (SMD 0.88[95% CI 1.32, 0.44] p < 0.0001) and cost (SMD 1.15[95% CI 2.11, 0.19]
p ¼ 0.02) for patients undergoing a RP approach. Study quality was generally low, with conﬂicting results and
concerns over publication bias in some cohort studies.
Conclusions: The RP approach for open aortic surgery is associated with lower rates of postoperative ileus and
pneumonia when compared to the TP approach.
 2013 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.
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There has been extensive debate in the surgical literature
over the optimum open approach to the infrarenal abdom-
inal aorta. The transperitoneal (TP) approach was historically
the most widely practiced, offering familiarity to surgeons
trained in midline laparotomy for general surgery.1 However,
advocates of the retroperitoneal (RP) approach felt that there
were signiﬁcant beneﬁts to not entering the peritoneal cavity
and avoiding a long midline incision.2,3 Many cohort andTo access continuing medical education questions on this
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//dx.doi.org/10.1016/j.ejvs.2013.03.018randomised trials comparing RP and TP aortic surgery were
published with mixed results; some favoured RP and some
showed equivalence. This, combined with an increased
technical difﬁculty, perceived limitations in access to aortic
branches and a lack of training opportunities has prevented
a widespread adoption of the RP approach.4
Since the exponential increase in endovascular aneurysm
repair (EVAR), the numbers of open abdominal aortic
aneurysm (AAA) repairs have declined while becoming more
technically challenging.5 The majority of aneurysms not
suitable for EVAR have pararenal aortic necks or common
iliac involvement.6 The RP approach is theoretically the most
suitable for the challenging aortic neck as the suprarenal
aorta is more easily exposed than during a TP approach.2,3,7
However, while the evidence is considered equivocal
between the two approaches it is difﬁcult to argue in favour
of the less familiar RP approach. Systematic review and
meta-analysis of the myriad of trials comparing RP and TP
C.P. Twine et al. 37aortic surgery has never been performed. This study
therefore aims to deﬁnitively review and meta-analyse the
literature on the retroperitoneal versus the transperitoneal
approach to the abdominal aorta.METHODS
Data sources, search strategy and selection criteria
A systematic review of published work was conducted via
the protocol speciﬁed by the Cochrane collaboration,8 and
reported in line with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) statement
for the conduct of meta-analyses of intervention studies.9
The following sources were searched: Medline via
PubMed (from 1966 to May 2012); Embase (no date
restriction) and the Cochrane Library Database (Cochrane
Central Register of Controlled Trials; no date restriction) for
studies reporting comparisons of the RP versus the TP
approach to the aorta. There was no limitation on publi-
cation type or language. The following MeSH subject
headings were used: "Abdominal aorta," "retroperitonealRecords identified through database 
searching
(n=1284)
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(n=769)
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Figure 1. Identiﬁcation procspace," "laparotomy," "aortic aneurysm, abdominal," "aortic
stenosis." The terms "retroperitoneal approach", "extrap-
eritoneal approach" and "aorta" were also used. The Journal
of Vascular Surgery and European Journal of Vascular and
Endovascular Surgery websites were searched individually.
The ClinicalTrials.gov website was also searched for rando-
mised control trials involving the abdominal aorta.
Articles were also identiﬁed by hand searching of refer-
ences and extensive use of the related articles function in
PubMed. The related articles results were additionally cross
referenced with full results from previous searches. The last
search date was 20th May 2012.
Outcome events were chosen for inclusion by being re-
ported in an extractable form in two or more studies.
Inclusion and exclusion criteria
Studies reporting outcomes of RP vs TP aortic approaches
were included. Trials published before 1980 were excluded.
Paralytic ileus data was only extracted if expressly stated,
for example nasogastric tube use, bowel opening or other
non-speciﬁc term was not extracted as a surrogate.Records identified through other 
sources
(n=16)
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Records excluded
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38 European Journal of Vascular and Endovascular Surgery Volume 46 Issue 1 July/2013Myocardial infarction and pneumonia data were only
extracted if this was speciﬁcally stated. Wound ’bulge’ may
be seen after RP surgery and is thought to be due to nerve
damage during the incision. Wound bulge is not a true
hernia but may be described as one. As this potentially
confounds reported rates of incisional hernia this wasTable 1. Study characteristics.
First author (year) Study design Inclusion
criteria
RP
approach
TP app
Arko 200118 Cohort AAA and
occlusive
60 (L/R) 60 (NS
Arya 200912 Randomised AAA 11 (L) 24 (M
Ballard 200019 Cohort AAA 46 (L) 50 (NS
Borkon 201020 Cohort AAA 52 (L) 54 (M
Cambria 199013 Randomised AAA and
occlusive
54 (L) 59 (M
Darling 199214 Randomised AAA 15 (L) 12 (M
Gregory 198921 Cohort AAA and
occlusive
53 (L) 119 (M
Hioki 200222 Cohort AAA 70 (L) 21 (NS
Kalko 200823 Cohort Occlusive 68 (L) 85 (M
Kawaharda 200424 Cohort AAA 30 (L) 30 (M
Lacroix 199425 Cohort AAA and
occlusive
90 (L) 79 (M
Laohapensang
200626
Cohort AAA 18 (L) 18 (M
Lau 200111,a Randomised AAA 10 (L) 10 (M
Leather 198927 Cohort AAA 193 (L) 106 (M
Muehling 200928 Cohort AAA 81 (L) 63 (M
Nakijima 200029 Cohort AAA 64 (M) 64 (M
Nevelsteen 198811 Randomised Occlusive 15 (L) 15 (M
O’Sullivan 198930,b Cohort AAA 11 (L) 9 (M)
Peck 198631 Cohort AAA and
occlusive
200 (L) 70 (M
Quinones-Baldrich
199932
Cohort AAA 24 (L) 61 (M
Shaw 20035 Cohort AAA 57 (L) 118 (M
Shindo 200533 Cohort AAA 17 (L) 15 (M
Sicard 198934,c Cohort AAA 115 (L) 98 (M
Sicard 199515 Randomised AAA and
occlusive
70 (L) 75 (NS
Sieunarine 199716 Randomised AAA and
occlusive
50 (L) 50 (M
Tosenovsky 200335 Cohort AAA and
occlusive
33 (L) 22 (M
Volta 200317 Randomised AAA 12 (L) 11 (NS
Wachenﬁled
Wahl 200436
Cohort AAA 37 (L) 43 (NS
Wahlgren 200737 Cohort AAA 20 (L) 18 (M
Total 1576 1459
Inclusion criteria: AAA - abdominal aortic aneurysm; occlusive - occlu
retroperitonal; M midline retroperitoneal; NS not stated.Outcomes:
Cost; 6 Ileus; 7 Pneumonia; 8 Myocardial infarction; 9 Renal failure;
Respiratory function.
a Lau published three randomised trials over 2 years.11,32,34 Two w
together.11,34 One had no outcomes of interest.32.
b Only published in abstract form.
c Outcomes reported in two papers, same cohort with more patients
d Symbols represent: ? Unclear risk; þ high risk;  low risk, for the fo
Allocation concealment (selection bias); Incomplete outcome data (attexcluded from analysis. No restriction was placed on
publication language.
Data abstraction
Data were extracted independently by two authors (CPT
and IMW). The following information was extracted fromroach Outcomes Newcastle
Ottawa score
(cohort)
Risk of bias
(randomised)d
) 1,2,3,4,5,6,7,8,9,10 6
) 1,2,3,4,6,7,8,10 ?/þ/þ/þ/
) 2,3,4,5,10,11,12 6
) 1,2,3,4,7,9,10,12 5
) 1,4,6,7,8,9,10,13, ?/?/þ/?/
) 1,2,4,7,8,10 ?/?/þ/þ/
) 1,4,9,10 6
) 1,2,4,6,7,9,10, 5
) 1,2,3,4,6,7,9,10, 6
) 1,2,7,9,10, 4
) 1,4,6,7,8,9,10 5
) 1,2,3,4,6,8,10,12 4
) 1,2 e ?/þ/þ//
) 2,3,4,6,7,8,9,10 6
) 1,3,4,6,7,8,9,10,12 5
) 1,2,6,12 7
) 13 ?/?/þ/þ/
13 5
) 5,7,8,10 6
) 1,2,3,4,5,7,8,9,10 6
) 2,3,4,7,8,9,10 7
) 1,2 6
) 1,4,5,10 6
) 3,4,5,6,9,10,11 ?/?/?/þ/
) 1,2,3,4,7,8,9,10,14,12 þ/þ/?/þ/
) 1,2,4,10,12 4
) 1,3,4 ?/?/þ/?/
) 1,2,3,4,6,8,9,10 5
) 7,8,9,10,11,12 4
sive aortic or iliac disease.Approach: L left retroperitonal; R right
1 Length of procedure; 2 Blood loss; 3 ICU stay; 4 Total stay; 5
10 30 day mortality; 11 1 year mortality; 12 Wound hernia; 13
ere considered to be the same patient cohort so are analysed
included in the latter.5,34.
llowing (in order): Random sequence generation (selection bias);
rition bias); Selective reporting (reporting bias); Other bias.
Table 2. GRADE analysis: quality assessment.
Outcome Participants
(studies)
Risk of bias* Inconsistency Indirectness Imprecision Publication
bias**
Overall quality of evidencey
Operative
Length of
procedure
1818 (21) Seriousa,b,c,d Serious No Serious Detected þ/þ//þ/þ; low
Blood loss 1677 (18) Seriousa,b,c,d Serious No Serious Detected þ/þ//þ/þ; low
Post operative
Ileus 1517 (12) Seriousa,b,d No No No Undetected þ////; moderate
Pneumonia 1961 (16) Seriousa,b,d No No No Detected þ////þ; moderate
MI 1563 (12) Seriousa,b,d No No No Undetected þ////; moderate
Renal failure 1884 (15) Seriousa,b,c,d No No Serious Detected þ///þ/þ; low
Wound hernia 702 (8) Seriousa,e No No Serious Undetected þ///þ/; moderate
Mortality
30 day 2761 (23) Seriousa,b,c,d No No No Undetected þ////; moderate
1 year 241 (2) Seriousd No No No Undetected þ////; moderate
Post operative change in respiratory function
FEV1 143 (2) Seriousd Serious No Serious Undetected þ/þ//þ/; low
FVC 163 (3) Seriousd Serious No Serious Undetected þ/þ//þ/; low
Length of stay
ICU stay 1576 (14) Seriousa,d Serious No Serious Detected þ/þ//þ/þ; low
Total stay 2686 (22) Seriousa,d Serious No No Detected þ/þ///þ; low
Cost 419 (4) Seriousd Serious No Serious Undetected þ/þ//þ/; low
*Risk of bias. Randomised studies: a) Unclear randomisation strategy in randomised studies; b) Unpowered study; c) Selective reporting.
Cohort studies: d) Non-representative cohort (non-consecutive patients, other form of selection); e) Inadequate follow up.**Assessed by
funnel plot analysis. This was not performed for meta-analyses with 4 studies.yGRADE working group levels of evidence: high quality -
further research very unlikely to change conﬁdence in estimate of effect; moderate quality - further research likely to have an important
impact on conﬁdence in estimate of effect and may change estimate; low quality - further research very likely to have an important impact
on conﬁdence in estimate of effect and likely to change estimate; very low quality - very uncertain about estimate.
C.P. Twine et al. 39each study: ﬁrst author, year of publication, study design
(prospective, randomised or other), number of participants
in each group (RP and TP), duration of follow up, inclusion
criteria, quality of study (see statistical analysis) and
outcome events.
After performing the systematic review, outcome
measures were divided into:
1. Operative (length of procedure, intraoperative blood loss).
2. Post operative complications (paralytic ileus,
pneumonia, myocardial infarction, renal failure and
wound hernia).
3. Mortality (30 day, 1 year).
4. Length of stay (Intensive care unit [ICU], total hospital
stay).
5. Respiratory function (forced expiratory volume in 1
second [FEV1], forced vital capacity [FVC]).
6. Cost.Table 3. Operative outcomes for RP vs TP approach to the abdominal
Outcome and sensitivity
analyses
No. of studies
(total patients)
RP (no. of
patients)
TP (no. of
patients)
Operative time (mins) 21 (1818) 909 909
High quality studies 9 (889) 407 482
AAA only 14 (936) 484 452
Estimated blood loss 18 (1677) 870 807
High quality studies 11 (1229) 620 609
AAA only 14 (1249) 642 607
HG - Heterogeneity.SMD - Standardised mean difference.CI - ConﬁdenStudy quality, bias and heterogeneity
The quality of non-randomised studies was assessed using
the Newcastle-Ottawa scale.8 The quality of the study was
assessed by examining patient selection methods, compa-
rability of study groups and assessment of outcome. Studies
achieving 6 stars from a maximum of nine were consid-
ered to be of higher quality. The I2 test (I2>50% indicated
signiﬁcant heterogeneity) and corresponding P value re-
ported for each analysis. Heterogeneity was considered
signiﬁcant if P < 0.05 (Chi-square test for heterogeneity).
The quality of randomised studies was assessed via
Cochrane’s risk of bias summary which allocates a ’þ’ for
low risk,’-’ for high risk and ’?’ for unclear risk for each of
the following; randomisation concealment; allocation
concealment; attrition bias; reporting bias and an ’other’
bias. ’Other’ was marked as high risk if trials were unpow-
ered. Blinding was not counted as a risk of bias as it is
impossible in this type of trial. Randomised studies with 2aorta; summary of ﬁndings.
HG I2 (%) HG p
value
SMD, 95% CI Overall
effect Z
p value
92% <0.00001 0.03 [0.31, 0.38] 0.19 0.85
94% <0.00001 0.03 [0.58, 0.65] 0.11 0.91
91% <0.00001 0.08 [0.39, 0.56] 0.34 0.73
95% <0.00001 0.43 [0.93, 0.08] 1.65 0.10
96% <0.00001 0.77 [1.40, 0.13] 2.37 0.02
96% <0.00001 0.50 [1.19, 0.18] 1.44 0.15
ce interval.
40 European Journal of Vascular and Endovascular Surgery Volume 46 Issue 1 July/20130þ’ and 1 0-’ bias were considered higher quality. Further
validation of the quality of individual trials, rating of
evidence quality and strength of recommendation of the
meta-analysis used the Grading of Recommendations
Assessment, Development and Evaluation (GRADE) system
as recommended by the Cochrane collaboration.10 Funnel
plots were used to assess publication bias within the GRADE
analysis.11 Funnel plot asymmetry implies that results were
subject to reporting or publication bias between studies,
while symmetry implies a lack of bias. Funnel plots were not
performed for analyses with 4 studies.10,11Statistical analysis
Analysis was performed using Review Manager 5.1.6.12
Statistical analysis of dichotomous variables was carried
out using odds ratio (OR) as the summary statistic. Odds
ratios represent the odds of an adverse event happening
during the study period in a patient undergoing a RP
approach vs one with a TP approach. An OR of <1 favoured
the RP population. Continuous variables were analysed
using the standardized mean difference (SMD) as the
summary statistic. The SMD expressed the size of the
intervention effect in each study relative to the variability
observed. A SMD of <0 favoured the RP population.
Random-effects models were used for both types of anal-
ysis and results were reported with 95 per cent conﬁdence
intervals (CI). In the tabulation of results, squares indicate
the point estimates of the effect of disease (OR, SMD) with
the 95% CI indicated by horizontal bars. The diamond
represents the summary estimate from the pooled studiesTable 4. Post operative outcomes for RP vs TP approach to the abdom
Outcome and sensitivity
analyses
No. of studies
(total patients)
RP (no. of
patients)
TP (no. of
patients)
Paralytic ileus 12 (1517) 838 679
Randomised studies 3 (298) 140 158
Cohort studies 9 (1219) 698 521
High quality studies 5 (734) 413 321
AAA only 6 (812) 474 338
Pneumonia 16 (1961) 1092 869
Randomised studies 4 (275) 130 145
Cohort studies 12 (1686) 962 724
High quality studies 9 (1240) 695 545
AAA only 10 (1039) 553 486
Myocardial infarction 12 (1563) 858 705
Randomised studies 3 (248) 115 133
Cohort studies 9 (1315) 743 572
High quality studies 7 (1063) 595 468
AAA only 7 (791) 404 387
Renal failure 15 (1884) 956 928
Randomised studies 2 (213) 104 109
Cohort studies 13 (1671) 852 819
High quality studies 7 (1083) 522 5561
AAA only 9 (1057) 564 493
Wound hernia 8 (702) 364 338
High quality studies 3 (323) 160 163
AAA only 6 (547) 281 266
HG - Heterogeneity.CI - Conﬁdence interval.with 95% CI. Data were extracted from Kaplan Meier curves
by the methods described by Parmar.13
For analysis of data quoted as median and range, standard
Cochrane protocol was followed.8 For sample sizes >25 or if
no other data were available, the median was used directly as
the mean and the standard distribution (SD) calculated by
range/6.14 If only the CI was available, SDwas calculated using
the t distribution.8 Data reported as changes from baseline
were subtracted as per Cochrane recommendations.8
Sensitivity analysis
Sensitivity analysis was performed on high quality studies
alone and studies only including patients with AAA,
excluding occlusive disease. Additional sensitivity analysis
for randomised trials and cohort studies alone was per-
formed for major clinical outcomes. Sensitivity analysis was
only performed when there was more than one study to
include in the analysis.RESULTS
Full text articles of 48 papers were obtained, from which 29
studies ﬁtting the criteria of the reviewwere identiﬁed (Fig. 1).
Analysiswas performedon1576patients undergoingRPaortic
exposure versus 1459 patients undergoing TP aortic exposure.Study design and quality assessment
Table 1 shows study characteristics. Eight of the 29 studies
were randomised,15e22 and 21 were cohort.5,23e42 Eleven
of the 21 cohort studies were of higher quality,5,23einal aorta; summary of ﬁndings.
HG I2 (%) HG p
value
Odds ratio (95% CI) Overall
effect Z
p value
0% 0.63 0.17 [0.10, 0.32] 5.74 <0.00001
0% 0.42 0.27 [0.07, 1.03] 1.92 0.06
0% 0.56 0.16 [0.08, 0.30] 5.46 <0.00001
0% 0.80 0.13 [0.05, 0.35] 4.06 <0.0001
6% 0.38 0.15 [0.07, 0.33] 4.82 <0.00001
12% 0.31 0.42 [0.26, 0.68] 3.52 0.0004
0% 0.90 0.62 [0.21, 1.87] 0.84 0.40
31% 0.14 0.39 [0.21, 0.72] 3.01 0.003
38% 0.12 0.37 [0.17, 0.81] 2.51 0.01
0% 0.80 0.60 [0.33, 1.10] 1.64 0.10
0% 0.68 0.66 [0.35, 1.26] 1.25 0.21
0% 0.42 0.64 [0.16, 2.51] 0.65 0.52
0% 0.56 0.67 [0.33, 1.39] 1.07 0.28
0% 0.90 0.77 [0.38, 1.60] 0.69 0.49
0% 0.67 0.63 [0.27, 1.48] 1.05 0.29
45% 0.03 0.69 [0.40, 1.19] 1.33 0.18
0% 0.75 0.71 [0.31, 1.62] 0.81 0.42
53% 0.01 0.69 [0.36, 1.32] 1.12 0.26
0% 0.84 0.61 [0.37, 1.00] 1.98 0.05
63% 0.005 0.60 [0.23, 1.57] 1.04 0.30
34% 0.16 0.79 [0.28, 2.23] 0.45 0.65
0% 0.46 1.58 [0.47, 5.37] 0.74 0.46
38% 0.15 0.59 [0.16, 2.17] 0.80 0.43
Figure 2. Retroperitoneal aortic exposure versus transperitoneal aortic exposure: forest plot for post operative ileus.
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42 European Journal of Vascular and Endovascular Surgery Volume 46 Issue 1 July/201326,32,34,36e39 and four of the eight randomised trials of
higher quality.15,17,19,21
Only one of the eight randomised studies reported the
randomisation method and allocation concealment,21 and
two further studies reported allocation concealment
alone.15,18 One randomised study was powered, and this
was not for outcomes used in this meta- analysis.18 Many
studies did not clearly state length of follow up,15e17,19,25e
31,35,36,42 however as the majority of outcomes meta-
analysed were short term, follow up was considered
appropriate if 30 day mortality was reported. Studies
reporting wound herniation and 1 year follow up lost
a quality point for not stating follow up or reporting
outcomes until at least a year.24,25,31,40,42
GRADE quality assessment is shown in Table 2. The
quality of the evidence presented for each outcome was
either ’low’ or ’moderate.’ Funnel plots showed signiﬁcant
asymmetry for length of procedure, blood loss, pneumonia,
renal failure, ICU stay and total stay analyses, which
downgraded the quality rating in several cases. ICU and
total lengths of stay show signiﬁcant heterogeneity
between studies but half showed a clear trend in favour of
RP patients.15,17,22e24,27,28,31,32,36,39 It is likely that different
institutions and or surgeons had different protocols for
discharge, which would explain this high variation. The ’low’
quality assessment for length of stay analyses should
therefore be interpreted with caution.
Operative outcomes
Table 3 shows operative outcomes. Twenty one studies
reported length of procedure data with high heterogeneity
between studies.15e18,21e23,25e31,33,34,37e41 Twelve showed
no difference between RP and TP surgery.15,16,18,21e
23,29,31,37,39e41 Six favoured the RP approach,15,25e28,33
and three TP.30,38,39 On meta-analysis there was no differ-
ence in the length of procedure between the two
approaches (SMD 0.03 [0.31, 0.38], p ¼ 0.85), which was
maintained on sensitivity analysis.
Eighteen studies reported blood loss data with high
heterogeneity between studies.5,15,17e19,21,23e
25,27,29,31,32,34,37,38,40,41 Two studies showed a marked
difference in blood loss in favour of the RP approach.17,32
Only one low quality cohort study showed less blood loss
with the TP approach.41 While overall analysis showed no
difference, the high quality studies did show signiﬁcantly
less blood loss for the RP group on sensitivity analysis
(SMD 0.77[1.40, 0.13], p ¼ 0.02). This was notTable 5. Mortality outcomes for RP vs TP approach to the abdominal
Outcome and sensitivity
analyses
No. of studies
(total patients)
RP (no.
of patients)
TP (no.
of patient
30 day mortality 23 (2761) 1464 1297
Randomised studies 5 (385) 189 196
Cohort studies 18 (2341) 1264 1077
High quality studies 12 (1724) 909 815
AAA only 14 (1464) 769 695
1 year mortality 2 (241) 116 125
HG - Heterogeneity.CI - Conﬁdence interval.maintained for studies reporting AAA outcomes alone,
although these studies were of low quality overall.POST OPERATIVE COMPLICATIONS
Table 4 shows post operative outcomes. Heterogeneity was
generally insigniﬁcant for these outcomes. On meta-analysis
of twelve studies there was signiﬁcantly less post operative
ileus in the RP group (OR 0.17 [0.10, 0.32],
p < 0.00001),15,16,20,23,27,30e34,41 which was maintained on
all sensitivity analysis other than randomised trials alone
where signiﬁcance was just lost (P ¼ 0.06) (Fig. 2).
Three23,28,36 of sixteen studies showed that pneumonia was
signiﬁcantly less common in the RP group.5,15e17,21,23,25,27e
30,32,33,36,37,42 Combined with a trend favouring the RP
groups in the other studies, this translated to a signiﬁcant
reduction in post operative pneumonia in the main analysis
(OR 0.42 [0.26, 0.68], p ¼ 0.0004). Signiﬁcance was just lost
on high quality study sensitivity analysis (p ¼ 0.10). There
was no difference on meta-analysis for rates of myocardial
infarction from 12 studies,5,15,16,21,23,30e33,36,37,42 renal
failure from 15 studies,5,16,21,23,25e30,32,33,37,41,42 and wound
hernia from 8 studies.21,24,25,31,33,34,40,42 However, renal
failure was signiﬁcantly lower for RP patients on high
quality sensitivity analysis (OR 0.61 [0.37, 1.00], p ¼ 0.05).Mortality
Table 5 shows mortality and length of stay outcomes. There
was no difference in 30 day mortality for RP vs TP in any of
the 23 studies included and therefore no signiﬁcant differ-
ence on meta-analysis (Fig. 3, OR 0.63 [0.36, 1.12],
p ¼ 0.12).5,15e17,20,21,23e33,36,37,39e42 Two studies reported
no signiﬁcant difference in 1 year mortality (OR 0.86 [0.39,
1.92], p ¼ 0.71).20,24Respiratory function
Table 6 shows respiratory function and cost analysis. Only
two studies reported FEV1, one showing no difference
between RP and TP,16 and one ﬁnding in favour of TP.19 This
showed no signiﬁcant difference overall on meta-analysis.
Changes in FVC showed conﬂicting results in 3
studies.16,19,35 One study found in favour of RP,35 one for
TP19 and one no difference.16 This again showed no signif-
icant difference overall on meta-analysis.aorta; summary of ﬁndings.
s)
HG I2 (%) HG p
value
Odds ratio (95% CI) Overall
effect Z
p value
0% 0.91 0.63 [0.36, 1.12] 1.58 0.12
0% 0.46 0.59 [0.09, 3.65] 0.57 0.57
0% 0.88 0.64 [0.35, 1.16] 1.47 0.14
0% 0.82 0.74 [0.37, 1.50] 0.82 0.41
0% 0.87 0.70 [0.34, 1.46] 0.94 0.35
0% 0.58 0.86 [0.39, 1.92] 0.37 0.71
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Intensive care stay was signiﬁcantly lower in the RP group in
six of 14 studies,20,23,24,28,32,41 with the remaining 8 showing
a non-signiﬁcant trend towards a shorter stay in the RP group
(Table 6).5,15,21,22,25,31,33,37 This translated to a signiﬁcantly
shorter ICU stay in RP patients on meta-analysis (SMD 0.67Figure 3. Retroperitoneal aortic exposure versus transperitoneal
aortic exposure: forest plot for 30 day mortality.[1.28,0.06], p¼ 0.03), which was just lost on high quality
study sensitivity analysis (p ¼ 0.07). There was a signiﬁcant
reduction seen in total hospital stay (SMD 0.88
[1.32, 0.44], p < 0.00001) which was maintained on
sensitivity analysis (Fig. 4).5,14e16,20e28,30e33,36,37,39e41Cost
All four studies reporting cost found that RP was cheaper,
principally due to decreased length of stay (Table 6).20,23,37,39
Meta-analysis of these studies therefore showed signiﬁcantly
less cost for the RP approach (SMD 1.15 [2.11, 0.19],
p ¼ 0.02), which was maintained on high quality sensitivity
analysis (p ¼ 0.04).DISCUSSION
Systematic review revealed 8 randomised and 21 cohort
studies consisting of 3035 patients comparing the retro-
peritoneal (RP) with the transperitoneal (TP) approach to
the infrarenal abdominal aorta. Meta-analysis of these
studies showed there was a signiﬁcant reduction in post-
operative paralytic ileus and pneumonia. There may be
a signiﬁcant reduction in renal failure (high quality sensi-
tivity analysis only) intensive care stay, total hospital stay
and cost for patients undergoing a RP approach. No signif-
icant difference in operative time, estimated blood loss,
post operative MI, renal failure, incidence of wound hernia
or respiratory function changes or mortality were
demonstrated.Strengths
This is the only study to ever systematically review and
meta-analyse the evidence comparing the RP and TP
approaches to the aorta. The authors searched exhaustively
for relevant studies. Kawarharda 200429 compared RP,
traditional TP and a minilaparotomy TP approach which
reduces concerns about publication bias towards RP
outcomes. Sicard 199520 performed a randomised trial
which found no signiﬁcant beneﬁts for an RP approach
based on earlier cohort data which found signiﬁcant beneﬁt
for RP.39,43 This again reduces concerns over publication
bias for one of the large randomised studies contributing
heavily to the analysis. Analyses ﬁnding signiﬁcant
improvement in favour of RP (ileus, pneumonia) were of
moderate GRADE quality,10 providing good evidence of
beneﬁt (Table 2).Limitations
Although 29 studies were included, the overall quality and
number of patients per trial was low. Randomised trials
were not powered and cohort studies were often of low
Newcastle Ottawa quality, raising concern over publication
bias towards the RP route.44 Indeed, a major limitation of
this analysis was the nature of the multiple small trials
available for analysis. These factors were combined with
others for GRADE analysis,10 which resulted in a majority of
Table 6. Respiratory function, length of stay and cost outcomes for RP vs TP approach to the abdominal aorta; summary of ﬁndings.
Outcome and sensitivity
analyses
No. of studies
(total patients)
RP (no.
of patients)
TP (no.
of patients)
HG I2 (%) HG p
value
SMD, 95% CI Overall
effect Z
p value
Change in FEV1 (L/min)* 2 (143) 69 74 92% 0.0006 1.05 [0.61, 2.71] 1.24 0.22
Change in FVC (L/min)* 3 (163) 79 84 90% 0.0001 0.35 [0.98, 1.68] 0.51 0.61
ICU stay (days) 14 (1576) 796 780 97% <0.00001 0.67 [1.28, 0.06] 2.15 0.03
High quality studies 8 (1042) 526 516 98% <0.00001 0.93 [1.95, 0.09] 1.79 0.07
AAA only 10 (1058) 531 527 98% <0.00001 0.73 [1.63, 0.18] 1.58 0.11
Total hospital stay (days) 22 (2686) 1426 1260 96% <0.00001 0.88 [1.32, 0.44] 3.90 <0.0001
High quality studies 12 (1724) 909 815 97% <0.00001 1.22 [1.88, 0.56] 3.62 0.0003
AAA only 13 (1389) 731 658 97% <0.00001 1.17 [1.91, 0.44] 3.13 0.002
Cost (US $) 4 (419) 199 220 95% <0.00001 1.15 [2.11, 0.19] 2.43 0.02
High quality studies 3 (274) 129 145 96% <0.00001 1.42 [2.79, 0.06] 2.04 0.04
AAA only 2 (154) 69 85 97% <0.00001 1.75 [4.27, 0.77] 1.36 0.17
FEV1 - Forced expiratory volume 1 minute.FVC - Forced vital capacity.HG - Heterogeneity.SMD - Standardised mean difference.CI -
Conﬁdence interval.
* Sensitivity analysis not performed due to low number of studies.
44 European Journal of Vascular and Endovascular Surgery Volume 46 Issue 1 July/2013low quality recommendations (Table 2). All results therefore
need interpreting with caution.
ICU stay, total length of stay, cost, operative time and
blood loss all show the highest study heterogeneity
(Tables 3 and 6). Studies with higher lengths of stay trans-
late to a higher cost. The high heterogeneity for these
outcomes are probably because these factors differ the
most between individual surgeons and units. As such,
heterogeneity was not signiﬁcantly reduced by sensitivity
analysis.
The primary analyses would ideally have only consisted of
higher quality randomised trials and cohort studies. This
was not the case for a number of reasons. The randomised
trials were few in number and either at high risk of bias or
contained very low patient numbers. Meta-analysis of such
trials is known to be unreliable.44 Only eleven (52%) of the
cohort studies were of higher Newcastle Ottawa quality and
30% of these contained AAA and occlusive patients. This
meant that the majority of studies were excluded when the
high quality randomised and cohort studies were combined
as ’high quality studies’ sensitivity analysis. For these
reasons pooled meta-analysis was used for the primary
analysis, with sensitivity analysis used to examine higher
quality studies as a subgroup, as well as attempting to
control heterogeneity and/or bias by removing the patients
treated for occlusive disease. This did not work for many of
the less important outcomes (Tables 6 and 3) as hetero-
geneity between studies, even those of higher quality, was
so pronounced that sensitivity analysis made little differ-
ence to the overall heterogeneity.
Open surgery for aneurysmal and occlusive aorto-iliac
disease have been shown to have different outcomes, with
a higher morbidity and mortality in the latter group.45
Occlusive procedures were therefore separated out for
sensitivity analysis to examine for bias as a result of this
variation. Reassuringly, signiﬁcance was only reduced for
pneumonia and ICU stay. One large retrospective cohort
study of AAA patients was followed up with a randomised
study including AAA and occlusive patients at the same
centre.20,39 While the former cohort study found in favour of
the RP approach, the randomised study found equivalence.The inclusion of aortoiliac occlusive disease in the rando-
mised trial was presumably to increase recruitment, but may
have biased results due to different outcomes in the occlu-
sive group. Ideally, patients undergoing suprarenal clamping
during aortic repair would also have been excluded for
sensitivity analysis. This was impossible due to studies not
separating these patients for analysis, and the majority not
stating whether suprarenal clamping occurred at all.
Many of these studies are now historical, with surgery
performed over twenty years ago. While this was not
assessed as a quality outcome in itself, older studies may not
have used techniques and therapeutics now known to posi-
tively affect outcome. The use of statins,46 beta blockers,47
autologous blood transfusion and epidural anaesthesia48
have been innovations which may bias comparisons in this
meta-analysis. Similarly, this may have contributed to
heterogeneity between studies, especially for length of stay.
The majority of included studies used a midline approach
for TP patients (Table 1). However, a minilaparotomy,
transverse incision, hand assisted or totally laparoscopic
approach have also been described.49e51 No studies
comparing these alternative TP incisions against RP surgery
were found. This analysis, therefore, cannot conﬁdently
compare non-midline TP approaches with a RP. The poten-
tial reduction in pain and ileus gained from these
approaches may negate any beneﬁt from a RP approach
other than superior suprarenal aortic access.2,3
In contemporary practice the majority of open AAA
repairs are anatomically unsuitable for straight forward
EVAR at the aortic neck.6 A proportion of these patients will
require supra-renal aortic exposure. It has been previously
proposed that the RP approach was more suitable for
exposure of the juxta and suprarenal aorta as ﬁxed midline
structures such as the duodenum and pancreas are not
encountered.3,7 This sort of technical anatomical compar-
ison was impossible to assess in this kind of analysis.
Explanation of ﬁndings and implications for practice
The decreased incidence of paralytic ileus in the RP group
may be explained by the peritoneal cavity not being
entered. The lower incidence of pneumonia may be
Figure 4. Retroperitoneal aortic exposure versus transperitoneal aortic exposure: forest plot for total length of stay.
C.P. Twine et al. 45explained by less pain, improved ventilation and a subse-
quent reduction in atelectasis due to fewer dermatomes
being crossed during a RP incision. The decreased incidence
of these compilations may have led to the signiﬁcant
reduction in length of stay observed. Despite ﬁnding a lower
incidence of these complications in RP patients, 30 day
mortality was similar to that for TP patients. This may bebecause the mortality under 30 days was so low that these
small, underpowered studies could not demonstrate
a signiﬁcant difference even with the trend favouring RP in
the meta-analysis (OR 0.63 (0.36, 1.12), p ¼ 0.12, Table 5).
The low overall quality of this evidence by GRADE10
analysis would usually lead to a recommendation of
a well powered, prospective randomised trial to deﬁnitively
46 European Journal of Vascular and Endovascular Surgery Volume 46 Issue 1 July/2013answer the RP vs. TP debate. The combination of
a decreasing amount of open aortic surgery and limitations
in training outside RP units mean that a well powered trial
is unlikely to be performed.52 The potential beneﬁts shown
in this meta-analysis may therefore never be fully realised.
CONCLUSIONS
There is moderate quality evidence for signiﬁcant beneﬁt
from retroperitoneal aortic surgery with respect to post-
operative paralytic ileus and pneumonia. There is low
quality evidence for beneﬁt in terms of renal failure,
intensive care stay, total hospital stay and cost. The majority
of vascular units currently offer an endovascular ﬁrst
approach to aortic surgery, with open surgery reserved for
a limited selection of patients with difﬁcult aortic anatomy
or access concerns. This meta-analysis has shown that there
may be clinical beneﬁts to performing this surgery via
a retroperitoneal approach.
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